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Introduction
Desmidiaceae, different general polysaccharide stainings, such as the periodic acid-silver hexamine method Dictyosomes of plant cells are known to be responsible and the periodic acid-silver proteinate method as well for the synthesis of glycoproteins and complex polyas different lectins specific to defined sugar residues saccharides and for their packaging into secretory vesicles. have been employed. General polysaccharide stainings
Transport from the endomembrane system through the label different kinds of secretory vesicles starting from cytoplasm to the plasma membrane and fusion of secretthe onset of vesicle production up to their delivery ory vesicles with the plasma membrane leads to growth into the primary cell wall, however, the discrimination of both the plasma membrane itself and the cell wall. of Golgi products is possible using lectins. Both goldIn growing desmids the ER delivers secretory products labelled lectins from Helix pomatia and from Glycine to the cis-cisternae of dictyosomes via transition vesicles, max with affinity to N-acetyl-D-galactosamine only prowhereas different kinds of secretory vesicles are released duce labelling of primary wall material containing 'dark from the trans-side depending on the stage of development vesicles' on ultrathin sections of high-pressure frozen (for details, see Kiermayer, 1981 ; Url and Kiermayer, and freeze-substituted Micrasterias cells, whereas 1990; Hö ftberger and Meindl, 1993) . Actin-driven cytoother vesicle types remain unstained. 'Dark vesicles' plasmic streaming is responsible for distribution of Golgi are labelled when still attached to trans-Golgi comproducts in the cytoplasm. Localized fusion of wall matpartments, when distributed throughout the cytoplasm erial containing vesicles at particular areas of the plasma or when fusing with the plasma membrane with the membrane contributes to the establishment of the extrasame staining intensity which indicates that the sugars ordinary cell pattern of, for example, a Micrasterias cell detected by the methods used are present from the (for summary, see Meindl, 1993) . Insight into the comonset of visible vesicle production. Gold-labelling of position of vesicle contents which are responsible for N-acetyl-D-galactosamine is also observed in the primprimary wall formation may thus yield important ary cell wall. In control experiments the staining vaninformation on the physical and chemical basis for cell ishes when ultrathin sections are pre-incubated with shaping and growth.
N-acetyl-D-galactosamine. Various other lectins with
Two vesicle populations appear to be involved in affinity to different sugar residues than N-acetyl-Dprimary wall formation, the 'dark vesicles' (DV; galactosamine do not produce any staining of the cell Kiermayer, 1981) which are formed at medial Golgi wall nor of any kind of secretory vesicles. As N-acetylcisternae and are forwarded towards the trans-region and D-galactosamine is usually not present in N-linked another smaller type of vesicles released from the trans polysaccharides the results point towards the presGolgi network (A-vesicles; Meindl et al., 1992) . A third ence of O-linked-glycoproteins in the primary cell wall of desmids.
kind of secretory vesicles synthesized during the whole cell cycle and also during primary wall formation are the ionophores monensin and nigericin have been demonstrated to produce marked changes in dictyosomal funcmucilage containing 'large vesicles' (LV; Kiermayer, 1981) . Earlier cytochemical studies by Tutumi and Ueda tion and morphology during development of desmid cells (Hö ftberger et al., 1993 (Hö ftberger et al., , 1995b Studies with tunicamycin, which inhibits the N-linked
(1) a method using dialysed iron (Hardin and Spicer, 1971) , glycosylation of proteins ( Elbein, 1987) , and with cyclopi-(2) a ruthenium red-osmium tetroxide staining method (Luft, azonic acid an inhibitor of Ca2-dependent ATPase in the ing to a cessation in cell growth (Hö ftberger et al., 1995a).
Usable results were obtained only with the PAS methods with double-distilled water for 20 min. For removing unreduced of PBS from a Pasteur pipette, transferred on to small droplets of PBS for 2 min, rinsed a second time with PBS and finally silver, the sections were treated with 2% thiosulphate solution for 2 min at room temperature. A final washing step with with a mild spray of double-distilled water from a plastic spray bottle. Rinsing was also done with PBST which, however, double-distilled water followed.
As a modification of this procedure, in order to block preprovided insufficient results. After rinsing and drying the sections were counterstained with aqueous uranyl acetate (2%) existing aldehyde groups, the grids were placed on 2% sodium bisulphate solution for 15 min prior to the periodic acid step for 5 min and Reynold's lead citrate for 2 min and examined on a Philips 400 T electron microscope at 80 kV. ( Van der Woude et al., 1971) . In this case the silver nitrate step lasted 30 min at 60°C.
Periodic acid-silver proteinate method: the staining protocol of Results Lewis and Knight (1992) was used, and modified at the silver step. Sections, mounted on gold grids were treated with 1%
General polysaccharide stainings periodic acid for 15-20 min at room temperature, and rinsed several times with double-distilled water. Then the sections were
The silver hexamine method which, of the general polyfloated for 30-45 min on 1% thiosemicarbazide in 10% acetic saccharide stainings yielded the best results, provided acid, which is used to detect the aldehydes produced by periodic labelling of different vesicles. In Micrasterias denticulata acid oxidation (Hanker et al., 1964) . After two rapid changes of 10% acetic acid the sections were washed 2×15 min in 10%, numerous DVs, distributed all over the cytoplasm or still 5 min in 5%, 5 min in 1% acetic acid, and 2×5 min in doubleconnected to the dictyosomes are stained with the same distilled water. Treatment with 1% silver proteinate for the intensity when sections are treated for 30 min at 60°C detection of thiosemicarbazide occurred in the dark at the during the silver step ( Fig. 1A, B) . The big slimefollowing temperatures and time periods: 30 and 40 min at containing vesicles and the primary wall show slight room temperature, 15 and 30 min at 60°C. After staining the sections were rinsed several times with double-distilled water.
staining. Under the same staining conditions a specific
In order to increase the intensity of the silver staining the significant labelling is found only in vesicles that are still silver enhancement procedure of Neiss (1988) described in attached or at least situated close to the dictyosomes Lewis and Knight (1992) was used.
( Fig. 1C ) in the closely-related desmid Xanthidium armatum. The dictyosomes themselves are sometimes slightly Lectin stainings stained at the trans-side (Fig. 1B, C ) . In both Micrasterias ( Fig. 1D) . The silver enhancetemperature for 24 h. The embedded cells were sectioned on a ment procedure (Lewis and Knight, 1992) did not Reichert Ultracut and ultrathin sections were mounted on improve this staining. When silver proteinate is applied formvar coated gold grids or gilded copper grids.
All lectins used in this study ( lectins from Arachis hypogaea, at room temperature only parts of the chloroplast (probCanavalin ensiformis, Glycine max, Helix pomatia, Lens culinaris, ably plastoglobuli) are stained heavily. Other methods and from Triticum vulgaris, see Table 1 ) were 10 nm goldwhich would allow a distinction between polysaccharides labelled, purchased from Sigma. For the staining procedure (e.g. staining of acid carbohydrates by using dialysed grids were preincubated in 10 mM phosphate-buffered saline iron) did not yield any positive result in staining Golgi containing 0.05% Tween 20, pH 7.4 (PBST ) for 30 min and then transferred on to 20 ml droplets of the appropriate lectin products or the cell wall.
(1 ml diluted in 40 ml PBST containing 0.5% bovine serum albumin; BSA) for 18-24 h at 5-6°C in a moist chamber. For
Lectin stainings
alternative methods, preincubations were also done with 10 mM phosphate-buffered saline, pH 7.4 (PBS ) or 10 mM PBST Among the lectins used for the present investigations containing 0.5% BSA, and lectins were diluted with PBS or both the lectins from Helix pomatia (HPA) and from PBST. Lectin incubations were also performed with varying lectin concentrations (2 ml or 4 ml diluted in 40 ml buffer),
Glycine max (SBA) resulted in a significant labelling of varying duration and varying temperatures (3 h, 12 h, 24 h at the primary wall-forming DVs in untreated young develroom temperature; 12 h at 5-6°C ). For specificity control oping Micrasterias cells ( Table 1) . After numerous variexperiments preincubations and labelling with lectins from ations in method (see Materials and methods), it was Helix pomatia and from Glycine max were carried out in the found that preincubation of the grids in PBST, followed presence of 0.45 M N-acetyl--galactosamine (GalNAc; Sigma). Sections labelled with lectin-gold were rinsed by a mild spray by lectin incubation (1 ml diluted in 40 ml PBST containing in this study to distinguish vesicle populations involved already released from the dictyosomes or still attached to in primary wall growth and pattern formation of distal Golgi cisternae, but not in regions of the Micrasterias denticulata and/or Xanthidium armatum, the dictyosomes themselves ( Fig. 2A) . Staining of the same general polysaccharide stainings and the lectin-gold labelintensity was found in DVs of the central cytoplasm ling experiments. where the dictyosomes are mostly located in a growing
From the PAS methods which mainly label homogluhalf cell of Micrasterias denticulata as well as in the DVs cans and glycoproteins (Lewis and Knight, 1992) , the of the cortical cytoplasm and in those already incorporsilver hexamine method yielded the most satisfying results ated into the cell wall (Figs 2B; 3A-D). Moreover, by staining all types of secretory vesicles (including mucirandom gold staining from HPA and SBA was detectable lage vesicles) during primary wall formation to different in all regions of the primary wall without any visible degrees as well as the primary cell wall of Micrasterias correlation to the cell pattern ( Fig. 3B-D) . The staining cells itself. Staining has also been found in dictyosomeintensity in the primary wall varied slightly from cell associated vesicles of Micrasterias and Xanthidium, startto cell.
ing at the middle Golgi compartments, where DV formaExcept for the primary cell wall and the Golgi-derived tion begins (Meindl et al., 1992) and continuing towards DVs no other cellular structures revealed gold labelling the trans-Golgi cisternae. The distinction between the from HPA or SBA treatment. Not even the A-vesicles, different vesicle types with this method is only possible also involved in primary wall formation (Fig. 3A) , nor by the staining intensity which was much higher in DVs the large mucilage vesicles ( Figs 2A, B ; 3B, D), which than in mucilage vesicles. The heavy staining of special have been shown to contain polysaccharides, were stained areas of the chloroplast (probably plastoglobuli) which by application of this method.
was found with the silver proteinate method may be due Experiments for specificity control showed that no to a reaction of thiosemicarbazide with heavy metals such staining occurred in DVs nor in the primary cell wall as osmium (Hanker et al., 1966) . nor in any other cytoplasmic structures after Polysaccharide stainings only indicate the presence of incubation with HPA or SBA when the sections were polysaccharides to a varying degree and without any preincubated with GalNAc ( Figs 2C; 3E, F ) . Incubations distinction, whereas the lectins with their affinity to with lectins from Triticum vulgaris ( WGA), Lens culinaris different sugars ( Table 1) have been shown to react more (LCA), Canavalin ensiformis (Con A), and Arachis hypospecifically in numerous studies on animal cells (Pavelka gaea (PNA) did not result in any specific gold labelling and Ellinger, 1991). Therefore different gold-coupled of any kind of vesicles nor of the cell wall, even after lectins were used to localize carbohydrate residues in the repeated experiments and after using different procedures ( Fig. 2D, E ) . secretory pathway of Micrasterias and thus to identify and discriminate Golgi products. During these experihardening of the cell wall at the indentations of a Micrasterias cell. ments it turned out that gold-labelled lectins with affinity to GalNAc residues like HPA or SBA stained only Except those of HPA and SBA, no other lectins used in this study caused specific staining in Micrasterias. This primary wall forming DVs whereas other vesicle populations like A-vesicles also involved in primary wall formafact may not necessarily mean that carbohydrates or carbohydrate residues other than GalNAc are absent, as tion, or mucilage vesicles remained unstained. As GalNAc is generally not found in N-linked glycoproteins (Roth, an influence of osmium on the reactivity of carbohydrate sites to lectins may not be excluded (Lewis and Knight, 1984) this result probably indicates that DVs contain Olinked glycoproteins such as hydroxyproline-rich glyco-1992). However, in Scenedesmus labelling with goldcoupled Con A, WGA and PNA was found in the cell proteins or arabinogalactans which have also been identified in other algae cell walls ( Voigt et al., 1994) . In this wall, at the plasma membrane and in distal Golgi compartments after freeze-substitution with osmium tetroxide respect, the finding of this experiment strongly corroborates earlier studies on various higher plants pointing and uranyl acetate (Hayashi and Ueda, 1987) . Both the general polysaccharide stainings and lectin towards the presence of galactosamines in hydroxyproline-rich cell wall glycoproteins ( Wold and Hillestad, labelling indicate that polysaccharides, in secretory vesicles of desmids which are detected by the methods used, 1976; Hori, 1978) . On the contrary, O-glycosylation in algae and higher plant cells is currently thought to occur are present from the onset of vesicle production in distal Golgi-compartments up to vesicle fusion with the plasma mainly by the addition of galactose and arabinose (Showalter and Varner, 1989; Staehelin and Moore, membrane. This is in contrast to findings in higher plant cells (Pickett-Heaps, 1968; Van der Woude et al., 1971 ) 1995 .
Gold staining with HPA or SBA in Micrasterias has and to observations of Menge (1976) on Micrasterias revealing an increase in staining intensity of secretory been found in DVs still associated with the dictyosomes, but not in cis-or medial Golgi compartments indicating vesicles with increasing distance from the dictyosomes which is interpreted as a continuous modification of that either addition of GalNAc takes place in trans-Golgi cisternae at almost mature DVs or, that GalNAc is not polysaccharides during their transport. Further information on the secretory pathway in desmids might result present at terminal positions in more cis-oriented Golgi compartments. These considerations could be correlated from the application of antibodies of the JIM family recognizing epitopes of glycoproteins or cell wall polyto results from earlier investigations on Micrasterias cells treated with BFA (Salomon and Meindl, 1996) , which saccharides ( Knox, 1992) . among others is known to prevent the synthesis of Olinked saccharide chains of membrane glycoproteins ( Kimura et al., 1993) . On an ultrastructural level BFA
